Introduction Methods
Harmaline, like certain compounds of the indolealkaloid group is a hallucinogen (Hoffer & Osmond, 1967; Schultes, 1969) . According to Canessa, Jaimovich & de la Fuente (1973) these substances act as Na/K ATPase inhibitors at the Na+-dependent phosphorylation level. They noted an inhibitory effect of harmaline in ATPase preparations of human red blood cells, rat brain and squid retinal axon and also showed that harmaline reduced sodium transport across the squid axon and in frog skin. Sepulveda & Robinson (1974) reported inhibition of sodium transport in mammalian intestinal mucosa and kidney cells by harmaline and suggested that harmaline interacts with the sodium binding sites of the transport carriers.
The experiments on the isolated skin of Rana esculenta recorded here, show that harmaline modifies the sodium transport of this epithelium. Added to the epithelial face of the preparation it stimulates sodium transport while adition to the serosal face results in a diminution of the short circuit current. It is proposed that the activating effect of harmaline is an action on the permeability of most external barriers while the inhibitory effect is probably due to interference between harmaline and a transport ATPase.
Preliminary accounts of some of these observations have been published (Ehrenfeld & Garcia-Romeu, 1975) .
The experiments were carried out on isolated abdominal skins of Rana esculenta. The animals were kept, unfed, in running tap water at 150C. The skins were mounted in lucite double chambers, the exposed areas being 7 cm2 or 1.54 cm2 according to 
Results
Stimulation by harmaline added to the external medium of transepithelial sodium transport Harmaline (0.2 mM) added to the epithelial face of the skin produced an immediate increase of the SCC (Figure la) and of the transepithelial PD and also a slight reduction of the resistance (Table 1 ). (Table 2B) .
Concentration-response curve: harmaline added to external medium Figure 2 shows that the threshold of the stimulatory effect of harmaline was between 1 and 10 gM and its maximal effect was at 1 mM. Higher concentrations 
Amiloride-harmaline interactions
To investigate interactions between amiloride (an inhibitor of Na ion translocation at the external face) and harmaline, inhibition by amiloride was studied in the presence and absence of harmaline. Amiloride was used at a concentration of 10 gM and harmaline added to the external medium at a concentration of 0.2 mM. One such experiment is shown in Figure 3 . After a control period (a) amiloride added in the external In a different type of experiment, unidirectional Na+ fluxes and the SCC were followed after the addition of harmaline to the internal medium (Table 4) . The experiments covered 3 periods of 45 min: a control period, one in which harmaline (5 mM) was added to the internal solution and one with both external amiloride (50,M) and harmaline in the internal medium. Following the control period, measurements were started 90 min after the addition of the harmaline. The results of 25 skins tested in this way Farquhar & Palade, 1965) . On these membranes an ATPase controlling Na+ absorption to the internal medium is thought to be localized (Farquhar & Palade, 1965) . At which of these levels does harmaline exert its effect? We consider it unlikely that it acts directly on the sodium pump by stimulating an ATPase. Canessa et al. (1973) have shown that harmaline (5 mM) inhibits the (Na-K) ATPase activities of various membranes. On the other hand there are some indications that its activating action is due to a reaction at the external barrier of the sodium transport compartment. Thus: (1) sodium transport only increases when harmaline is added to the external face of the preparation, (2) the SCC response to addition of harmaline is extremely rapid, and the reversal after washing is also rapid. Amiloride reduces sodium transport by blocking the entrance of Na+ into the transport compartment (Biber, 1971) . In the present experiments amiloride completely stopped the stimulatory effect of harmaline. This suggests that the additional current recorded in the presence of harmaline passes by the same 'blockable channels' as that present in control conditions.
Ouabain inhibits the Na+ transport by acting mainly on the active pump. When this is totally inhibited by ouabain (SCC=0) experiments showed that the active transepithelial flux can no longer be stimulated by harmaline. If the SCC is partially reduced by ouabain, harmaline stimulates Na+ net transport in proportion to the SCC. These experiments support the suggestion (Rick, D6rge & Nagel, 1975) that the sodium pump is not the factor limiting transepithelial Na+ transport.
The stimulatory effects on sodium transport of the indole alkaloids used in the above experiments can be compared with the effects of certain imidazolines such as 2 guanidinbenzimidazole (GBI) or phentolamine. Thus, Zeiske & Lindeman (1974) and Garcia-Romeu The in vivo crayfish gill reacts differently from the frog skin to harmaline in the external medium. In fact, the Na+ transport of the gill is inhibited by the hallucinogen (Ehrenfeld & Garcia-Romeu, 1975) as it also is by GBI (unpublished results). As the effective dose is low (47% inhibition of influx with 5 gM harmaline and 80% with 0.2 mM) and the effect reversible, it is probable that the inhibitory action of harmaline in the crayfish is a result of interaction with sodium transport sites at the external face and not by way of an ATPase (Ehrenfeld & Garcia-Romeu, 1975) . These substances, which possess nitrogencontaining heterocyclic nuclei, may be assumed to interfere with the passage of sodium at the external barrier. Their inhibitory or stimulatory actions are probably related to the nature of the apical membrane and unconnected with any action on a transport ATPase. This interpretation is in agreement with the conclusions of Sepulveda & Robinson (1974) .
The addition of harmaline to the internal medium at a low concentration (0.1 mM) has little effect on the SCC. At higher concentrations (5 mM) the SCC falls progressively, and washing only slowly reverses this effect. This SCC diminution was noted by Canessa et al. (1973) with harmaline concentrations comparable with those used here (1 to 5 mM). Although under normal conditions the SCC represents the Na+ net flux, under the influence of a drug this need not necessarily be the case. An SCC of zero may result from a variation of either of the unidirectional fluxes. It is essential to know these fluxes in order to interpret the results. Table 4 shows that addition of harmaline to the internal medium gave variable values for influx although all skins were treated in the same way. The results were therefore separated into two groups according to whether harmaline inhibited (Group A) or not (Group B) the sodium influx. In neither group did the epithelium produce a sodium net flux: the effluxes increased and became equal to the influxes and the addition of amiloride (50 gM) did not inhibit the sodium influx. Canessa et al. (1973) showed on different preparations that harmaline inhibits (Na-K) ATPases at concentrations higher than 1 mm. The inability of the epithelium to maintain a sodium net flux could be interpreted as being due to an interference of harmaline with a transport ATPase. The persistence of unidirectional influxes after harmaline treatment in one group of skins is not inconsistent with the possibility of the Na pump being inhibited. The increase of the sodium efflux and the presence of an influx insensitive to amiloride suggest that harmaline induces sites for sodium transfer other than those taken by the ion under normal conditions. It is possible that the hallucinogen increases intercellular sodium movements, perhaps by increasing the permeability of the tight junctions.
